Abstract The Broadbill Swordfish is harvested by fisheries throughout the world. In order to devise more effective management strategies, we need a clear understanding of the population structure of the species. From a library of 29 tetranucleotide repeats, 22 microsatellite markers were characterised for 94 swordfish samples captured from eastern and western Australia. The number of alleles ranged from 2 to 26 and observed heterozygosity from 0.066 to 0.923. We have identified 18 microsatellites that will be valuable in the examination of swordfish population structure.
While the structure of these stocks has been confirmed using nuclear genes, the boundaries between stocks have not been well defined (Chow and Takeyama 2000; Greig et al. 2000) . A clear understanding of stock structure is required in order to develop more effective fishing management strategies (Ward 2000) .
Microsatellite markers have previously been isolated and characterised from swordfish (Kasapidis et al. 2009; Reeb et al. 2003) . These markers have consisted of dinucleotide, trinucleotide or complex repeats. Studies have typically used a small number of microsatellite markers in their population studies, ranging from four to six loci (Jean et al. 2006; Kasapidis et al. 2007; Kotoulas et al. 2007; Ward et al. 2001) . It has only been in recent years that the number of loci has risen above ten (Kasapidis et al. 2008; Muths et al. 2009 ). The number of alleles reported per locus ranges from four to 82.
Total genomic DNA from a single swordfish was isolated using Qiagen DNeasy spin columns. Approximately 100 lg was sent to Genetic Identification Services (California), where the DNA was enriched and screened for four tetra repeat motifs (CAGA, CATC, TAGA, and TGAC). Tetra-repeats were chosen in order to reduce the presence of stutter bands and increase the chance of accurate scoring. Imperfect repeat motifs were excluded to reduce difficulties in recognising clear alleles.
Primers were designed in the flanking regions of 29 clones using OLIGO v 6 (Natural Biosciences Inc.). Each primer set consists of a primer with a short A-tail sequence to promote adenylation of PCR products (Brownstein et al. 1996) , and one primer with a sequence tag that is recognised by a third, fluorescently labelled primer (FAM, VIC, PET or NED). The sequence tag chosen was a CAG tag (Schable et al. 2002) , with the sequence: 5 0 -CAG TCGGGCGTCATCA-3 0 .
The 29 primer sets were initially tested on 16 swordfish samples. Primer sets were discarded if they failed to amplify, amplified multiple fragments or were difficult to amplify. The remaining primer sets were subsequently genotyped for 94 samples collected from eastern (Coral Sea, n = 55) and western (Fremantle, n = 39) Australia. PCR amplifications were performed in 20 ll reactions containing 40 ng of template DNA, 1 9 reaction buffer, 1.5 mM MgCl 2 , 0.1 mM dNTP's, 0.1 lM fluorescent primer, 0.l lM a-tailed primer, 0.01 lM tagged primer, and 1U Taq polymerase (FastStart, Roche). The PCR cycling consisted of an initial denaturation at 95°C for 12 min, followed by 30-35 cycles of denaturation at 95°C for 30 s, annealing at the appropriate temperature (Table 1) for 30 s, and extension at 72°C for 1 min. This was then followed by a final extension at 72°C for 12 min.
Fragments were separated by the Australian Genome Research Facility (AGRF), using an (AB)Ò 3730 DNA Analyzer, incorporating a LIZ 500 size standard. Alleles were scored using GeneMapperÒ v 4.0 (Applied Biosystems). GenAlEx v 6.2 (Peakall and Smouse 2006) was then used to calculate expected and observed heterozygosities (H E and H O ), as well as to test Hardy-Weinberg equilibrium (HWE).
Of the 29 primer sets tested on 16 samples, two failed to amplify, one amplified multiple fragments and an additional four amplified inconsistently and resulted in ambiguous genotypic data. The remaining 22 primer sets were then further optimised for 94 samples (Table 1) .
The allele count for the 22 loci ranged from 2 to 26, with an average of 9.8. Two of the markers showed little variation; SwoB8 only had two alleles whereas the majority of samples were monomorphic for SwoB103 (allele frequency = 0.956). SwoB124 proved difficult to score, with samples often containing more than two peaks. These three markers are likely to be of limited use in assessing population structure.
The SwoD2 clone sequence contained two microsatellite repeats, a tri-and a tetranucleotide repeat, separated by approximately 120 base pairs. Primers were designed for each repeat motif in order to compare the performance of the two microsatellites. Of the two markers, SwoD2B was easier to score and showed greater variation than SwoD2A.
Observed and expected heterozygosities (H O and H E ) as well as Hardy-Weinberg equilibrium (HWE) are shown in Table 2 . Five of the 22 loci failed to meet HWE. All deviations from HWE were due to heterozygote deficiency, with the exception of SwoA115. Only one locus, SwoB9, failed to meet HWE for both populations. These deficiencies could be due to null alleles. It is also possible that the observation of reduced heterozygosity could be attributed to sampling from regions where admixture of differentiated populations occur, known as the Wahlund effect. The effective management of swordfish requires an understanding of the population structure of the species, particularly the structure within the four major stocks. This article has presented 22 microsatellite markers, 18 of which are likely to be of use in assessing population structure of swordfish.
